To evaluate the association between body mass index (BMI, kg m À2 ) and mortality rate among Hispanic adults. METHODS AND PROCEDURES: Analysis of five data sets (total N ¼ 16 798) identified after searching for publicly available, prospective cohort data sets containing relevant information for at least 500 Hispanic respondents (X18 years at baseline), at least 5 years of mortality follow-up, and measured height and weight. Data sets included the third National Health and Nutrition Examination Survey, the Puerto Rico Heart Health Program (PRHHP), the Hispanic Established Population for Epidemiologic Studies of the Elderly (HEPESE), the San Antonio Heart Study (SAHS) and the Sacramento Area Latino Study on Aging. RESULTS: Cox proportional hazards regression models, adjusting for sex and smoking, were fit within three attained-age strata (18 to younger than 60 years, 60 to younger than 70 years, and 70 years and older). We found that underweight was associated with elevated mortality rate for all age groups in the PRHHP (hazard ratios [HRs] ¼ 1.38 --1.60) and the SAHS (HRs ¼ 1.88 --2.51). Overweight (HRs ¼ 0.38 and 0.84) and obesity grade 2 --3 (HRs ¼ 0.75 and 0.60) associated with reduced mortality rate in the HEPESE dataset for those in the 60 to younger than 70 years, and 70 years and older attained-age strata. Weighted estimates combining the HRs across the data sets revealed a similar pattern. CONCLUSION: Among Hispanic adults, there was no clear evidence that overweight and obesity associate with elevated mortality rate.
INTRODUCTION
There are approximately 45 million hispanic persons in the United States comprising 15% of the population, and it is estimated that Hispanic persons will comprise about 30% of the US population by 2050. 1, 2 Although Hispanics can be of any race, the national identity reflects relatively heterogeneous groups. Mexican Americans comprise about two-thirds of all US-residing hispanics, followed by Puerto Ricans, Cuban Americans and Central/South Americans. 2 Recent data from the National Health and Nutrition Examination Surveys (NHANES) indicate that overweight and obesity are more prevalent among Mexican Americans than nonHispanic persons. Specifically, 77.9% of Mexican-American adults aged 20 years or older are estimated to be overweight or obese compared with 68% among non-Hispanic persons, and from 1999 to 2008 the age-adjusted prevalence of obesity among MexicanAmerican men and women increased by 7% and 5.4%, respectively. 3 Moreover, compared with non-Hispanic children, male MexicanAmerican children have 73% higher odds of being overweight, whereas female MexicanAmerican children have 56% higher odds of being overweight. 4 The high prevalence of overweight and obesity is a concern because obesity is a major risk factor for many diseases, and it has been shown to decrease lifespan in white middle-aged cohorts. 5, 6 Hispanic persons appear to be particularly vulnerable to the metabolic syndrome, diabetes and asthma. 6 --8 Specifically, they have the highest prevalence of age-adjusted metabolic syndrome of any racial/ethnic group, and Hispanic women have a higher prevalence than Hispanic men. 7 Regarding diabetes, compared with non-Hispanic white adults, the risk of being diagnosed with diabetes is 66% higher among Hispanics. 8 Finally, national survey data indicate about a two-fold increase in asthma prevalence among obese Hispanic persons compared with obese whites. 9, 10 To date, however, our knowledge of the association between body mass index (BMI, kg m
À2
) and mortality rate is based primarily on analyses of European-American and African-American samples. 11 A recent analysis among approximately 310 000 healthy, middle-aged (median age of 58) nonsmoking white adults 6 indicated that the lowest mortality was for individuals with BMIs between 22.5 and 24.9 kg m
, and that every 5-BMI unit increase above these BMI values is associated with a 31% increase in mortality, with BMIs below this point exhibiting an inverse association with mortality.
In this study, we estimated the association between BMI and mortality rate among Hispanic adults using data from five large, well-characterized epidemiologic data sets. By using multiple data sets and identical statistical procedures, we (1) evaluated the reproducibility of the results, (2) derived estimates of the magnitude of the association across an array of epidemiologic data sets meeting a consistent set of inclusion criteria, and (3) generated combined estimates that incorporate all the data across data sets.
MATERIALS AND METHODS

Inclusion criteria for data sets
To evaluate the association between BMI and mortality rate, we used prospective epidemiological data sets that met the following requirements: (1) contained measured weight and height to allow for the calculation of BMI; (2) contained at least 500 Hispanic respondents 18 years of age or older at baseline; (3) had available mortality follow-up data for at least 5 years; (4) contained each respondents' age, sex and smoking status; and (5) were publicly available or obtainable.
Overview of data sets used
We briefly describe here and in Table 1 the characteristics of the five data sets used.
The third NHANES (NHANES III), 1988 --1994, was conducted on a nationwide probability sample of approximately 33 994 persons for 2 months and over.
12 NHANES-III contains 5213 Mexican American persons aged X18 at baseline with mortality follow-up through 31 December 2006. (NHANES I and II did not meet our inclusion criteria, as they do not contain sufficient numbers of Hispanic respondents across the range of BMI). Mortality information was based on the public-use mortality files, which are linked to the National Death Index. 13 The Puerto Rico Heart Health Program (PRHHP), initiated in 1965, investigates morbidity and mortality in Puerto Rican men who were free from coronary heart disease at the time of the first examination.
14 --17 The men were sampled from three urban areas and four rural areas in the northeast part of Puerto Rico. The original cohort consisted of men who were 45 --64 years of age at baseline. Other participants aged 35 --44 years (n ¼ 348) and 65 --79 years (n ¼ 678), who were not part of the original sampling frame, were also included, making the total number of participants 9824 men between the ages of 35 and 79 years. Precise assessments of age at study entry were not publicly available for this cohort. However, approximate age was available in categories by contiguous 4-year intervals from 35 to 79 years. For analysis, an age was assigned to each participant as the average of the upper and lower bound of the age interval indicated in the database (e.g., age assigned would be 42 for participants in the 40 --44-year age category). Follow-up examinations were conducted approximately 3 years apart, and morbidity and mortality follow-up was concluded in 1980.
The Hispanic Established Population for Epidemiologic Studies of the Elderly (HEPESE) was initiated in 1993 to collect data on 3050 communitydwelling Mexican American elderly aged X65 years residing in the five southwestern states of Arizona, California, Colorado, New Mexico and Texas. 18, 19 Respondents completed five waves of follow-up, including mortality follow-up through 2005.
The San Antonio Heart Study (SAHS) is a prospective observational study of diabetes and cardiovascular disease (CVD) among 3301 Mexican Americans, aged 25 --64 years, from randomly selected neighborhoods in San Antonio, TX. 20 A 7-to 8-year follow-up examination began in 1987 and was completed in 1996. Mortality ascertainment was carried through until 1 January 2000.
The Sacramento Area Latino Study on Aging (SALSA) is a cohort of 1789 community-dwelling Mexican Americans residing in California's Sacramento Valley, who were aged 60 or older at baseline from 1998 to 1999. Details of the sampling frame and recruitment have been published. 21 Clinical data were collected about participants in home visits every 12 --15 months for a total of seven follow-up visits. Mortality ascertainment is ongoing.
Study variables
Predictor variable. BMI (kg m
À2
) was the predictor variable of primary interest, and was calculated from measured weight and height.
Outcome variable. The outcome variable was age at death (attained age) from any cause.
Covariates. Data on sex and smoking status were included as covariates in the analysis. With the exception of HEPESE, where smoking was only available as yes or no, smoking for the remaining data sets was coded as the following: current, former or never smoker.
Missing data. Missing data were handled using a listwise deletion approach. Observations that lacked information concerning baseline age, follow-up for mortality, BMI or any pertinent covariate were removed from the analysis. NHANES III had 31 respondents with missing covariate information among the Hispanic subpopulation of 5213 people (un-weighted sample size) with mortality follow-up information. The PRHHP had 18 observations with missing smoking or BMI information. HEPESE had 329 individuals with missing BMI values; SAHS had no missing covariate information, whereas the SALSA had two individuals with missing data on sex.
Statistical analysis
We calculated hazard ratios (HRs) for the BMI-mortality rate association among Hispanic respondents using Cox proportional hazards (PH) regression models, using age as the time scale. 22, 23 Thus, in what follows, age refers to attained age, which sums baseline age and the available a PRHHP reported age at study entry in contiguous 4-year interval categories from 35 to 79 years. For analysis, participants were assigned an age corresponding to the average of the left and right end points of their age interval.
length of follow-up. Consistent with the approach used by Flegal and colleagues, 24, 25 we divided the data into three attained-age strata, such as 25 --o60 years, 60o70 years and X70 years, and fit separate models within each attained-age stratum. We used counting process methods to account for left truncation in these data, which sets the beginning of exposure for each participant to the age at which they entered the study. 26 As it has been shown 27 that adjusting for baseline age in attained-age models that account for left --truncation using age at entry has only a negligible effect on HRs (i.e., o0.040), we did not include baseline age as a covariate in the models. For all analyses, we treated BMI as a categorical variable based on federal BMI-defined body weight classifications, 28 and those used by Flegal and colleagues. 24, 25, 29 Specifically, underweight (BMI o18.5 kg m À2 ), normal weight, the reference category (BMI of 18.5 --o25 kg m À2 ), overweight (BMI of 25 --o30 kg m À2 ), obesity grade 1 (BMI of 30 --o35 kg m À2 ), and obesity grade 2 --3 (BMI of X35). Covariates in the models included sex and smoking status (as the PRHHP contained only men, smoking status was the only covariate in those models). The PH assumptions were evaluated in models of each database through visual inspection of scaled Schoenfeld residuals. 30 The PH assumption for the effect of BMI appeared reasonable within each attained-age stratum. In situations where there was evidence for deviation from PH concerning the effect of sex or smoking, we also fitted additional models, including these factors as time-dependant covariates. In general, this did not significantly alter our estimates for the effect of BMI, and so these results are not presented.
Pooled estimates were computed using a standard weighted average, with the weights given by the inverse of the squared standard error of the study-specific estimates. Data were analyzed using either the SAS System for Windows (release 9.1; SAS Institute Inc., Cary, NC, USA) or the R Statistical Computing Environment. 31 Because NHANES III involves a complex sampling design, sample weights were incorporated using SUDAAN (release 10.0.1; Research Triangle Institute, Research Triangle Park, NC, USA) and the survey package for R. 32 
RESULTS
Descriptions of the five data sets used and information on their mortality data are shown in Table 1 . Estimated HRs are shown in Table 2 according to BMI category, age group, dataset and a combined estimate, which incorporates the estimates across data sets (see also Figure 1 ).
As shown in Table 2 , underweight (BMIo18.5 kg m À2 ) was associated with elevated mortality rate for all attained-age groups in the PRHHP (HRs ¼
À2
) across all attained-age groups in all the data sets, the HR estimates were o1.25. Overweight was associated with decreased mortality rate in HEPESE for those in the attained-age groups of 60 --o70 years and X70 years (HRs ¼ 0.38 and 0.84), respectively. Obesity grade 1 (BMI 30 --o35 kg m À2 ) did not associate with mortality rate (HRs ¼ 0.72 --1.51) for any attained-age groups in any of the data sets, whereas obesity grade 2 --3 (BMIX35 kg m À2 ) associated with decreased mortality in HEPESE for those in the attained-age groups of 60 --o70 years and X70 years (HRs ¼ 0.75 and 0.60), respectively. The estimates for the other data sets for obesity grade 2 and 3 are in the order of 0.90 --1.6. The combined, weighted estimates confirm that the most elevated HRs (1.3 --1.6) were in the underweight category. The combined estimates for the overweight and obesity categories are in the order of 0.7 --1.1.
DISCUSSION
Using data from Hispanic respondents from five well-characterized cohort studies of adults aged 418 years who were followed for an average of nearly 13 years, we found that overweight and obesity were not associated with increased mortality rate. The results from the HEPESE, a cohort study that enrolled adults aged X65 years at baseline, showed that overweight and obesity were associated with decreased mortality rate. Other investigators 33 --37 have found similar findings within older populations. In contrast, underweight was associated with increased mortality rate for all attained-age categories for the PRHHP and SAHS data sets, and for the 18 --o60 years attained-age group for NHANES III (although it should be noted that underweight respondents in SAHS and NHANES comprised o5% and 1% of the total sample size, respectively).
The association between underweight and increased mortality rate is consistent with previous BMI-mortality rate studies. 38, 39 Although we accounted for smoking in the models, we did not omit those who died early in follow-up to address the notion of 'occult disease' (i.e., undetectable diseases that might associate with both weight loss and mortality). Cancer-related weight loss tends to occur well after diagnosis, 41, 42 whereas other diseases (e.g., Alzheimer's disease, Parkinson's infections) can produce weight loss before their diagnosis. However, a number of methodological papers 39, 40 have shown that dropping those who die early in follow-up and/or those with recent weight loss from the analysis does not account for the elevated BMI-mortality rate association observed among the underweight.
Although seemingly paradoxical, our results are also consistent with the findings of numerous studies, 43 --48 which show a Hispanic-mortality-rate advantage despite the populations' lower socioeconomic status and increased risk of health conditions such as asthma, diabetes and metabolic syndrome. The reasons for this so-called 'Hispanic paradox' are unknown, but do not appear to be satisfactorily explained by methodological factors such as racial and ethnic misclassification on death certificates, or migration and cultural effects pertaining to diet, lifestyle, family structure and social networks. 1,44,45 --51 Though highly speculative, it is also possible that culturally-driven differences in body image and body attitude 52 --54 may compel fewer Hispanic adults to attempt weight loss, which raises the possibility that the absence of repeated bouts of weight loss and regain (i.e., weight cycling) may contribute to a reduction in the association of BMI to mortality rate observed in this population. Although not all Hispanic subgroups have experienced similar social integration to mainstream society, the impact of acculturation, resilience and social support continue to be important areas for further study. Strengths of this study include the use of five well-characterized data sets containing a relatively large number of Hispanic respondents, a consistent analytic approach, use of attained age and stratification to account for confounding and for effect modification by age, and the generation of weighted estimates that combine the HRs derived from the five data sets.
This study has certain limitations. First, the data sets we used were limited primarily to Mexican Americans and Puerto Rican respondents. As the Hispanic population varies markedly on variables such as socioeconomic status, and demographic and lifestyle characteristics, such as age structure, fertility, diet, and social and family networks, 43 --51 our results may not be representative of the Hispanic population as a whole. A related issue concerns the fact that data from the PRHHP were collected during a considerably different time period (1965 --1980) than the other data sets. This introduces heterogeneity that is not accounted for in the statistical models (however, omitting the estimates derived from the PRHHP does not substantially alter the estimates). Moreover, age was available only in 4-year categories in PRHHP, which caused interval censoring of our end points in these data. We are not aware of any methods designed for handling interval censoring in Cox models stratified according to the attained age with left truncation. We acknowledge that our approach to handling this imprecision may have yielded underestimated standard errors of parameter estimates. However, we do not believe that this biased the parameter estimates. Finally, it is important to note that, consistent with most obesity-mortality studies, we generated our HRs based on the National Heart, Lung and Blood Institute (NHLBI) BMI-defined obesity categories. Although this allows for direct comparisons with estimates derived from other cohorts 24, 25, 29 , it raises the possibility that we may have obtained substantially different HRs if we had chosen other BMI-defined categories, particularly a different reference category. However, as a sensitivity analysis, we generated additional sets of HRs using the BMI-defined reference category of 23 --o25 kg m À2 (data not shown). On the whole, the HRs generated were consistent with those derived with the NHLBI reference category of 18.5 --o25. The exceptions were the larger HRs in the 18.5 --o23 kg m À2 category obtained in the 60 --o70 years attained-age category in NHANES III and the HEPESE, as well as in the combined estimates for the 18 --o60 years and 60 --o70 years attained-age categories. These results are not surprising as they likely reflect the slight elevation in risk on the left end of the Figure 1 . Hazard ratios for mortality in Hispanics by BMI category, age and data set.
U-shaped curve typically seen in BMI-mortality analyses. There were also two slightly elevated HRs in the 25 --o30 range (i.e., for HEPESE and combined estimates for the 60 --o70 years attainedage category, 1.32 and 1.17, respectively). Similarly, this likely reflects a lowering of the mortality rate in the reference category by removing individuals in the 18.5 --o23 range, individuals who tend to display an elevated mortality risk. However, given the modest magnitude of the HRs, the issue of multiple testing, confidence intervals that were wider than those obtained from the NHLBI-defined reference category, and the lack of a clear dose --response relationship between BMI425 kg m À2 and mortality rate, the results of the sensitivity analysis confirm that there is no clear evidence that overweight and obesity associate with elevated mortality rate among Hispanic adults.
In total, we offer BMI-mortality rate estimates that are restricted only to Hispanic respondents. Overweight and obesity do not appear to associate with elevated mortality rate among Hispanic adults. Our findings have significant public health implications as we continue to examine the pathogenic role of excess body weight in diverse populations. Although Hispanics have higher rates of obesity and diabetes, the life expectancy for Hispanics is 2.5 years longer than the life expectancy for non-Hispanic Whites and almost 8 years longer than non-Hispanic Blacks. 1 Moreover, on average, Hispanics have lower median family incomes, higher poverty rate and are less likely to have a college education compared with non-Hispanic Whites; yet these are characteristics associated with better health and longer life. 46 --51 Thus, our findings support the need for more research to better understand the predictors of healthy long life, and how clinicians might use the results from well-characterized studies to counsel patients of diverse background about healthy weight and its relationship to chronic disease prevention, healthy life and health care expenditure.
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